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USD RESEARCHERS PROPOSE DEVICE TO TURN HEAT INTO TO WORK 
Device Challenges 2nd Law of Thermodynamics 
Researchers at the University of San Diego have proposed a novel 
micron-sized device that converts heat into mechanical or electrical energy and that, in 
the process, challenges one of the basic laws of physics. 
This research, detailed in the October issue of Foundations of Physics (Vol. 32, 
No. 10) represents the first concrete challenge to the second law of thermodynamics to 
appear in the scientific literature that operates under everyday thermodynamic conditions 
and that, in principle, could have widespread commercial applications. A hard copy 
preprint is enclosed. Figures and text can be downloaded from: 
\VWW .sand iego.ed u/~ j hwright/Max:wel 1DemonOct2002 . pd f 
Extensions to this research will also be presented at the upcoming l 0th Foresight 
Conference on Molecular Nanotechnology in Bethesda, MD, this October. 
The second-law-challenging device operates on the same principles and 
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processes, and uses the same hardware that drives everyday computer and household 
technology: semiconductors. The effect that challenges the second law relies on tapping 
the electrical potential energy inherent in silicon p-n diodes. This energy is harnessed to 
drive dust-sized silicon pistons through the diode at high frequency, creating a 
microscopic, heat-driven electrostatic motor. In principle, this motor can perform 
mechanical work or generate electrical power, deriving its energy from the thermal 
energy of the semiconductor lattice. 
Individually, each device would be roughly the size of a blood cell, 
but like the many individual cells in the human body, when yoked together, an array of 
these devices could generate considerable power. For example, a 10 micron thick panel 
of these devices with surface area of a desk could provide the electrical power sufficient 
to run a typical office -- without plugging any appliances into wall sockets. Heat would 
be absorbed from the office environment and converted into electricity by the second law 
panels; this electricity would run the appliances; the heat exhausted from the appliances 
would return to the environment where it would be reabsorbed and recycled into 
electricity by the panels. In principle, this cycle could be repeated indefinitely. 
Numerous potential applications for this device are apparent. Acting individually, 
they could be used to power micro- or nano-machines, for instance, for microrobotic 
surgery or drug delivery inside the human body; or for micro-inertial guidance. When 
arrayed together, they could have broad applications to pollution-free power generation 
and refrigeration. 
This device is the culmination of 10 years of research at USD, led by Daniel P. 
Sheehan (Physics Dept.), aimed at understanding the foundations of the second law 
(( 
through a broad class of challenges to it. Five distinct challenges have been proposed, 
spanning plasma, chemical, gravitational, and (now) solid-state physics. Details of 
these can be found in the physical literature. 
The USD program is part of a broader world-wide re-examination of the second 
law's absolute status that has been undertaken during the last decade by several research 
groups in the U.S. and Europe. More than a dozen distinct challenges currently remain 
unresolved in the scientific literature. In order to examine these in light ofrecent 
theoretical and experimental findings, the first international conference in over 100 years 
devoted to second law status was convened at USD in July 2002. More than 120 
researchers from 25 countries participated. The conference proceedings are being 
published later this year by the American Institute of Physics (AIP). 
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